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Abstract: Operative and conservative treatment of wrist fractures might lead to complex regional pain syndrome (CRPS) 
type I. 
In our multicenter dose response study in which patients with distal radial fractures were randomly allocated to placebo or 
vitamin C in a daily dose of 200mg, 500mg or 1500mg during 50 days, an operated subgroup was analyzed. 
48 (of 427) fractures) were operated (11.2%). Twenty-nine patients (60%) were treated with external fixation, 14 patients 
(29%) with K-wiring according to Kapandji and five patients (10%) with internal plate fixation. The 379 remaining 
patients were treated with a plaster. 
In the operated group of patients who received vitamin C no CRPS (0/37) was seen in comparison with one case of CRPS 
(Kapandji technique) in the operated group who received placebo (1/11 = 9%, p=.23). There was no CRPS after external 
fixation. 
In the conservatively treated group 17 cases of CRPS (17/379 = 4.5%) occurred in comparison with one in case of CRPS 
in the operated group (1/48 = 2.1%, p=.71). 
External fixation doesn’t necessarily lead to a higher incidence of CRPS in distal radial fractures. Vitamin C may also 
play a role in this. This subgroup analysis in operated distal radial fractures showed no CRPS occurrence with vitamin C 
prophylaxis. 
Keywords: Ascorbic acid, complex regional pain syndrome, external fixators, radius fractures, reflex sympathetic dystrophy, 
vitamin C. 
INTRODUCTION 
  The management of distal radial fractures is usually 
conservative. Patients are treated with a plaster of Paris cast 
or splint, after reduction if necessary. 
  If conservative treatment of a wrist fracture is not 
possible, closed reduction with external fixation, closed 
reduction with internal fixation or open reduction with 
internal fixation can be the choice of treatment. 
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§The participants in this study are three hospitals in the Netherlands: The 
surgical department of the Red Cross Hospital in Beverwijk, The 
orthopaedic and surgical department of the Haga Hospital (location 
Leyenburg) in the Hague and The orthopaedic and surgical department of 
the Reinier de Graaf Group in Delft. 
  In some cases a Complex Regional Pain Syndrome 
(CRPS) type I will develop. In literature there is a great 
variation in incidence of CRPS after wrist fractures from 1% 
up to 37% [1,2]. In an earlier report we described an 
incidence of 22% in a control group [3]. 
  In the past it has been suggested that external fixation 
might lead to a high incidence of CRPS, up to 33% [4]. Later 
data show an incidence of CRPS of 19% after external 
fixation [5]. Part of the problem in diagnosing CRPS is that 
there are different criteria used worldwide to describe CRPS 
type I, formerly known as reflex sympathetic dystrophy 
(RSD) [6-8]. There is no golden standard yet for the 
diagnosis of CRPS. 
  On the other hand, different treatment modalities are used 
for different indications in wrist fractures. For extra-articular 
distal radial fractures the treatment is usually different than 
for fracture types with intra-articular comminution or open 
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  We performed a secondary analysis of our randomised 
controlled multicenter dose response study, which 
investigated the effect of three different doses of vitamin C 
on the incidence of CRPS type 1 [9]. The subgroup consisted 
of distal radial fractures that were treated operatively. We 
selected a group of patients treated with external fixation and 
a group with internal fixation. Patients treated conservatively 
with a plaster of Paris formed the control group. 
MATERIAL AND METHODOLOGY 
Study Design 
  The study was set up as a multicenter prospective cohort. 
Three hospitals in the Netherlands participated in this study. 
Adults (18 years or above) with a wrist fracture who were 
seen in the emergency department were asked to participate 
in the study. 
  All types of wrist fractures were included. Fracture types 
were classified according to the AO/ASIF classification [10]. 
It was left to the decision of the surgeon how the patient was 
treated. Operative treatment varied from closed reduction 
and external fixation, over closed reduction and internal 
fixation (Kapandji)
  to open reduction and internal fixation 
(ORIF) [11]. The external fixation method in our study was a 
bridging technique. 
  Conservative treatment consisted of a plaster of Paris cast 
for four or five weeks, if necessary after closed reduction 
under local anesthesia. 
  In our primary study patients were randomly allocated to 
vitamin C or a placebo. In this procedure informed consent 
had to be obtained from each patient. The medical ethics 
committees from the three hospitals had approved the study. 
  From day one patients received a daily dosage of 200, 
500 or 1500mg of vitamin C or a placebo for 50 consecutive 
days. This procedure was a double blinded one and only the 
hospitals pharmacist knew the allocation code. 
  As we are more familiar in the Netherlands with the 
criteria of Veldman, we used these to establish the diagnosis 
of CRPS I [8]. 
  Complex regional pain syndrome type I was diagnosed 
when four of the following five symptoms were present at 
the wrist, including the area distal to the wrist (hand and 
fingers), and if they occurred (or increased) after activity: 
1.  unexplained diffuse pain, not in normal relation to the 
stage of fracture treatment; 
2.  difference in skin colour relative to the other hand an 
wrist; 
3.  diffuse oedema; 
4.  difference in skin temperature relative to the other 
hand and wrist; 
5.  5.  limited active range of motion of the wrist and 
fingers, unrelated to the stage of fracture treatment 
[8]. 
  The diagnosis of CRPS was made by a physician in the 
treating department and not by anyone involved in the 
conduct of the trial. All the patients with CRPS had pain. 
  The follow-up period was one year. 
Statistical Analysis 
  The statistical analysis was performed with SPSS 
(version 11.0) software on a personal computer. Sample and 
group sizes were estimated a priori using results of our 
previous study, a planned power of 90% and a significance 
() of 0.05 [3].
   
 The  chi-square
 test, Likelihood ratio test, Fisher’s exact 
test, ANOVA and Student’s t test were used as applicable for 
univariate analysis. A post hoc power calculation was done 
on the proportions of CRPS comparing the operated group 
and the non-operated group with G*Power software (version 
3.03). 
RESULTS 
  In this secondary study we compared distal radial 
fractures that had to be operated on with conservatively 
treated fractures with a follow-up of one year. We 
prospectively included 48 patients with fractures who had to 
undergo surgery in some sort of form. These 48 fractures 
represented 11.2 % of all distal radial fractures treated during 
the study. 
  Of these patients 29 (60%) were treated with an external 
fixator. In this group of external fixation there were, 
according to the AO/ASIF classification, 7 A type and 22 C 
type fractures [10]. 
  The operated patients and those treated conservatively 
(N=379) did not differ significantly in terms of demography 
(Table 1). Analysis of the operated and conservative treated 
groups showed no significant differences for the variables of 
sex, age, fracture side, dominance and cast-related 
complaints (Table 1). 
  A total of 14 patients (29%) were treated with K-wires 
according to Kapandji [11]. 
  In this subgroup were, again according to the AO/ASIF 
classification, 8 A type, 2 B type and 4 C type fractures 
(Table 2). 
  Five patients (10%) in our cohort underwent an open 
reduction and internal fixation with a plate. This small group 
consisted of 1 A type, 2 B type and 2 C type fractures (Table 
2). 
  In these 48 operated wrist fractures only in one case 
(2.1%) a CRPS type I was diagnosed (Table 1). In the 
external fixator group there was no CRPS. The only case of 
CRPS was seen in the Kapandji group (7%), in a patient 
receiving placebo treatment. 
  In the operated group (Table 3) who received vitamin C 
no CRPS (0/37) was seen in comparison with one patient 
with CRPS in the operated group who received placebo 
(1/11 = 9%, p= .23). 
  The conservatively treated control group counted 379 
fractures (Table 2). In this conservatively treated group 17 
cases of CRPS (17/379 = 4.5%) occurred in comparison with 
one CRPS in the operated group (1/48 = 2.1%, p=.71). 
  The type of operation in relation to the fracture type is 
shown in Table 2. As one might expect, the external fixator 
is more often used in the more comminuted fractures (AO 
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dislocations were seen and therefore significant more 
reductions were performed (Table 1). The equal distribution 
of placebo and vitamin C over the different subgroups is 
shown in Table 1. 
  The distribution of the operations over the different 
departments is shown in Table 4. 
  This shows that the Kapandji method is exclusively 
conducted in one hospital. This method is equally distributed 
over the surgery and orthopedic department. 
  The external fixation treatment is divided regularly over 
the three hospitals. 
Table  2.  Operative Treatment of Fracture Type (AO/ASIF 
Classification) 
 
  A Fractures  B Fractures  C Fractures 
External fixation  7 (43.8%)  0 (0%)  22 (78.6%) 
Internal fixation (ORIF)  1 (6.3%)  2 (50%)  2 (7.1%) 
Kapandji method  8 (50%)  2 (50%)  4 (14.3%) 
total  16  4  28 
P=0.003; no. of fractures (%). 
 
Table 1.  Demography of Intervention 
 
Characteristic  Operative Treatment 
(n=48) 
Conservative Treatment 
(n=379) 
p-Value 
Gender (no. of fractures)       
Female  37 (77.1%)  315 (83.1%)   
Male  11 (22.9%)  64 (16.9%)  0.301 
Age * (yr)  58.6 (SD 15.8)  62.8 (SD 17.2)  0.106 
Side of the fracture (no. of fractures)       
Right  21(43.8%)  173 (45.6%)   
Left  27 (56.3%)  206 (54.4%)  0.804 
Dominance (no. of fractures)       
Yes  25 (52.1%)  174 (46%)   
No  23 (47.9%)  204 (54%)  0.429 
Fracture type (no. of fractures)       
23-A  16(33.3%)  215 (56.7%)   
23-B  4 (8.3%)  86 (22.7%)   
23-C  28 (58.3%)  78 (20.6%)  0.000 
Dislocation (no. of fractures)       
Yes  47 (97.9%)  237 (62.5%)   
No  1 (2.1%)  142 (37.5%)  0.000 
Reduction (no. of fractures)       
Yes  45 (93.8%)  217 (57.3%)   
No  3 (6.3%)  162 (42.7%)  0.000 
Cast-related complaints (no. of fractures)  10 (27%)  87 (23.2%)  0.601 
Prevention (no. of fractures)       
Placebo  11 (22.9%)  88 (23.2%)   
Vitamin C 200mg  10 (20.8%)  86 (22.7%)   
Vitamin C 500mg  15 (31.3%)  99 (26.1%)   
Vitamin C 1500mg  12 (25%)  106 (28%)   
Vitamin C overall  37 (77.1%)  291 (76.8%)  0.891 
CRPS (no. of fractures)       
Yes  1 (2.1%)  17 (4.5%)   
No  47 (97.9%)  362 (95.5%)  0.707 
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Table  3.  CRPS in the Operative Subgroep Comparing 
Vitamin C with Placebo 
 
 
CRPS  
No. of Fractures  
(%) 
CRPS  
No. of Fractures  
(%) 
p  Value 
  Yes  No   
Vitamin C overall  0 (.0%)  37 (78.7%)   
Placebo  1 (100%)  10 (21.3%)  0.229 
 
Table 4.  Hospital and Operative Treatment 
 
Hospital  External  
Fixation 
Internal  
Fixation  
(ORIF) 
Kapandji  
Method 
Conservative  
Treatment 
Reinier de Graaf  11 (37.9%)  1 (20%)  0 (0%)  126 (33.2%) 
Haga Hospital  10 (34.5%)  2 (40%)  14 (100%)  117 (30.9%) 
Red Cross  
Hospital 
8 (27.6%)  2 (40%)  0 (0%)  136 (35.9%) 
total  29  5  14  379 
P=0.001; no. of fractures (%). 
 
  The post-hoc calculated power for finding a difference 
between the proportion of CRPS in the operated vitamin C 
group (0/37= 0%) and the proportion of CRPS in the operated 
non-vitamin C group (1/11= 9.1%) was 26 % (alpha .05). 
DISCUSSION 
  It has often been suggested that CRPS has a higher 
incidence after an external fixator, than after other methods of 
operative treatment [4,12,13]. The reason for this seems unclear. 
Is it because of distraction or is the comminuted intra-articular 
fracture the cause [3,12]? 
  Different studies show different results in therapy for distal 
radius fractures and different results in outcome and 
complication rate, especially for CRPS. 
 Kaempffe  et al. diagnosed retrospectively five cases of RSD 
in a group of 26 patients (19%) treated with external fixation for 
their distal radius fracture [14]. 
 McQueen  et al. diagnosed 3 patients with RSD (10%) and 
one with a shoulder-hand-syndrome in a group of 31 fractures 
treated with external fixation [15]. 
 Sennwald  et al. report 5 patients with RSD from a group of 
30 patients treated with an external fixator (17%) [16]. 
  Harley has 3 cases of RSD out of 25 patients (12%) [17]. 
 Finally  Suso  et al. report even 17 cases of RSD out of a 
group of 30 patients (60%) [13]. These studies are in number of 
patients comparable with our own study. 
  Two frequently cited randomised clinical trials concerning 
external fixation in Colles’ fractures are from Howard and 
Roumen [18, 19]. Howard et al. studied a group of 50 patients 
with severely displaced comminuted fractures and randomised 
them for treatment with an external fixator or manipulation 
plaster [18]. In their study they found a similar percentage of 
fractures treated with operation (12%) as we did in our present 
study. This percentage of operated fractures is comparable low 
and is probably the result of a non-aggressive style of treatment, 
i.e. non-operative style. CRPS type I is not a complication in 
their study, but they don’t give a definition of this clinical entity. 
Complications that Howard et al. saw were radial neuritis (8%), 
median nerve compression (8%) and ulnar nerve compression 
(4%). Nowadays these findings would be described as CRPS 
type II. In their study radial neuritis was seen in 4% after an 
external fixator and in 12% after conservative treatment. 
 Roumen  et al. studied the results from external fixation after 
redisplacement of a conservatively treated wrist fracture in 
patients over 55 years of age [19]. Their main complication was 
RSD: 14 cases out of 101 patients (14%). Unfortunately the 
criteria for the diagnosis were not mentioned, nor in the 
reference they referred to. 
  Twenty-one patients were randomized to treatment with an 
external fixator after redisplacement and 22 for further 
conservative treatment. Four patients (19%) with an external 
fixator developed RSD and 2 patients (9%) with conservative 
treatment. In the 58 patients with conservative treatment and no 
displacement of the fracture there was RSD in 8 cases (14%). 
Carpal tunnel syndrome was seen in another 12 patients (12%) 
and none of them had RSD. 
 Hegeman  et al. compared a primary external fixation with a 
plaster immobilization in intra-articular unstable distal radial 
fractures in 32 elderly [5]. In this study 5 patients developed 
CRPS (16%) as defined according to the Veldman criteria. 
There was one case of CRPS in the 17 patients treated with a 
cast (6%) and there were 4 patients with CRPS in the group of 
15 patients treated with an external fixator (27%). 
  In another article Hegeman reports CRPS in 3 patients from 
a group of 16 intra-articular unstable distal radial fractures 
treated with an external fixator (19%) [20]. 
  In comparison we saw a low incidence (2.1%) of CRPS in 
our operated group and no CRPS after an external fixator. An 
explanation for this might probably be a prophylactic effect of 
vitamin C. Vitamin C was shown to be effective in preventing 
CRPS in conservative treated radial fractures by our study 
group in two randomized clinical trials [3, 9]. 
 Cazeneuve  et al. demonstrated the same effect of vitamin C 
in a cohort study of patients who had to undergo surgical 
treatment for their distal radius fractures by intrafocal pinning 
[21]. 
  In general in literature an increase for surgical treatment of 
distal radial fractures is recognized. As there are no universally 
accepted criteria for an adequate reduction in displaced wrist 
fractures, the indication for conservative treatment is floating 
away towards the direction of surgical treatment. Volar plate 
fixation with locking plates is becoming popular. While plate 
fixation may allow earlier motion than six weeks of cast 
immobilization, no differences in motion, pain, strength or 
function were seen after three or six months postoperatively 
according to a review by Amadio in 2008 [22]. 
  Complication rates of distal radial fractures differ for the 
applied treatments and they are lowest in the casting group 
(11%). After surgery more complications occur than are 
generally appreciated (31 and 37% for plate and external 
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  The complications of volar plate fixation are extensively 
discussed in a recent review by Berglund. CRPS has been 
reported after volar plate fixation in 3 to 10% [23]. 
  In our present study the sample size of the operated group 
was too small to yield a significant difference in CRPS 
prevention between the vitamin C and placebo treated operated 
groups. The operated placebo group consisted of eleven patients 
leading to a low power of this subgroup analysis (26%) and 
probably to a type II error (false negative). The incidence of 
CRPS in our operated patients is non-significant lower than in 
patients treated with a plaster cast. This last comparison 
between the operated and conservative group had also 
insufficient power to find a possible significant difference. In a 
Cochrane review Handoll et al. reported from different studies 
6.5% CRPS in the external fixator group and 4.9% CRPS in the 
conservative plaster cast group [24]. 
  An adequately powered study is necessary to provide 
evidence, not only for the incidence of CRPS but also to 
determine the relative effects of different methods of external 
fixation [25]. 
CONCLUSION 
  We conclude that external fixation doesn’t necessarily lead 
to a higher incidence of CRPS in distal radial fractures. To our 
opinion vitamin C lowers the incidence of CRPS in non-
operatively treated wrist fractures and may also play a role in 
operatively treated wrist fractures. This subgroup analysis in 
operated distal radial fractures showed no CRPS occurrence 
with vitamin C prophylaxis and gives us further arguments for a 
new prospective study to gather a large number of patients for 
sufficient statistical analysis. 
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